It is estimated that 5-10% of all cutaneous malignancies involve the periocular region and management of periocular skin cancers account for a significant proportion of the oculoplastic surgeon's workload. Epithelial tumours are most frequently encountered, including basal cell carcinoma, squamous cell carcinoma, and sebaceous gland carcinoma, in decreasing order of frequency. Non-epithelial tumours, such as cutaneous melanoma and Merkel cell carcinoma, rarely involve the ocular adnexae. Although non-surgical treatments for periocular malignancies are gaining in popularity, surgery remains the main treatment modality and has as its main aims tumour clearance, restoration of the eyelid function, protection of the ocular surface, and achieving a good cosmetic outcome. The purpose of this article is to review the management of malignant periocular tumours, with particular emphasis on surgical management.
Introduction
Skin malignancies account for nearly one-third of all newly diagnosed cancers, 1 and it is estimated that about 5-10% of them occur in the periocular region. 2 Furthermore, periocular skin cancers account for 490% of ophthalmic tumours. 3 Therefore, it is essential that all ophthalmologists are able to recognize the features of malignant periocular skin cancer and be aware of the treatment modalities. Although non-surgical treatments for periocular skin cancers are gaining in popularity, surgery remains the main modality of treatment and the surgical management of periocular skin cancer represents a significant proportion of the oculoplastic surgeon's workload. In this review, the features of periocular skin cancer are presented together with a discussion of the treatment modalities.
Diagnosing malignant eyelid disease
Although malignant eyelid disease is usually easy to diagnose on the basis of the history and clinical signs identified on careful examination (Table 1) , differentiating between benign and malignant periocular skin lesions can be challenging because malignant lesions occasionally masquerade as benign pathology. For instance, a cystic basal cell carcinoma (BCC) can resemble a hidrocystoma 4, 5 or sebaceous gland carcinoma (SGC) classically mimics a chalazion. 6, 7 Conversely, a benign lesion such as a pigmented hidrocystoma may be mistaken for a malignant melanoma. 8 Therefore, an eyelid biopsy is often required to make the correct diagnosis. For small lesions, excision biopsy with a suitable margin might be appropriate, but larger lesions require an incisional biopsy. Punch biopsy is a simple technique, which has a role in the diagnosis and management of periocular skin tumours. [9] [10] [11] 
Malignant eyelid tumours
Most malignant periocular tumours derive from epithelial cells (Table 2 ) and non-epithelial malignant eyelid tumours are fairly rare. Therefore, the discussion that follows focusses mostly on the epithelial tumours, except for malignant melanoma.
Basal cell carcinoma (BCC)
BCC accounts for the vast majority of periocular tumours (90-95%). 12 They derive from the basal layer of the epidermis, have ultraviolet (UV) light exposure as an important aetiological factor and occur almost exclusively in fairskinned patients. 13, 14 The mean age of incidence is in the seventh decade, with a slight male preponderance, but they are increasingly seen in younger age groups because of excessive sun exposure or UV light from sun beds. 15, 16 The lower lid is the commonest location, followed by the medial canthus, with the upper lid rarely involved. 2, 12 On the basis of their clinical appearance BCCs can be classified into several clinical subtypes (Table 3) , the commonest of which is the nodular BCC, 2,12 which presents as a well circumscribed, pearly lump with surface telangiectasia (Figure 1a ). With progression they usually ulcerate with resultant bleeding and crust formation (Figure 1b ), or they may undergo cystic degeneration (Figure 1c) . In contrast to nodular BCCs, morpheaform (or morpheic) BCCs have poorly defined margins (Figure 1d ). Occasionally BCCs are pigmented (Figure 1e ) or have a linear morphology.
The clinical behaviour of BCCs is largely determined by their histological subtype (Table 4) . In a study of 1039 BCCs, Sexton et al 17 found that aggressive histological subtypes like micronodular, infiltrative, and morpheaform BCCs had a higher incidence of positive tumour margins (18.6, 26.5, and 33.3%, respectively) after excision compared with nodular and superficial BCCs, which were fully excised in 490% of cases.
The poor prognostic factors for BCC, in addition to histopathological subtype, are summarized in Table 5 . Medial canthal tumours have a tendency to invade deeply and may involve the orbit early. Similarly, lateral canthal tumours have a tendency to involve the lateral conjunctival fornix and lateral orbit. BCCs recurring after radiotherapy are more difficult to diagnose because the tissue changes induced by radiation are very similar to those induced by the tumour. Therefore, these tumours present late and are more difficult to manage. 12 Figure 2 ) accounts for about 2-5% of malignant eyelid tumours. 12 Like BCC, the lower lid is most frequently involved, UV light is implicated in its causation and the incidence peaks in fair-skinned patients in their seventh decade, with a slight male preponderance. They may derive from actinic keratosis or Bowen's disease and the risk increases after prolonged immunosuppression, previous radiotherapy and in patients with xeroderma pigmentosum. As SCCs arise from keratinocytes in the epidermis, hyperkeratosis or cutaneous horn formation are common features. Faustina et al 18 found that the rate of metastasis to regional nodes could be as high as 24% with distant metastases and perineural invasion occurring less frequently. Poor prognostic factors include poorly differentiated tumours, large tumour size, and perineural invasion.
Sebaceous gland carcinoma (SGC)
This rare tumour, which arises from sebaceous glands, has a predilection for the head and neck, especially the meibomian glands in the upper lid. 6, 7, 19 However, it can involve any of the sebaceous glands in the periocular area, including the caruncle. SGC is a very aggressive tumour, which metastasizes early and is often fatal. The incidence increases with age and peaks in the seventh to eighth decades. 6, 7, 19 A recent retrospective review from a large US-based population registry confirmed that SGC accounted for a higher proportion of malignant skin tumours in Asian/Pacific Islander patients, but concluded that this is due to a relative lack of other skin tumours rather than an inherent risk of developing SGC in that subgroup compared with whites, as previously thought. 19 The tumour may be multicentric and diffuse involvement of the eyelids and conjunctiva can occur because of pagetoid spread. 6, 7, 12 It is renowned for masquerading as a wide variety of benign conditions, the commonest of which are a chalazion ( Figure 3 ) or chronic blepharoconjunctivits. 6, 7, 12 Other modes of presentation include a papilloma, trichiasis, conjunctival cicatrization, marginal keratitis, and corneal vascularization. Occasionally, it can also mimic other malignant pathology such as BCC and SCC. 6 With such diverse presentation, SGC is often misdiagnosed and the diagnostic delay is responsible for significant morbidity and high mortality rate. 6, 7, 12, 19 Therefore, one should maintain a high index of suspicion and a low threshold for full thickness eyelid biopsy in an elderly patient Eye presenting with an atypical (solid) chalazion, a recurrent chalazion at the same site, chronic unilateral blepharitis or unilateral cicatrizing conjunctivitis. Conjunctival map biopsies should also be performed once the diagnosis is confirmed.
Malignant melanoma
Periocular melanoma is rare, accounting for o1% of all cutaneous melanomas. 20 Lentigo maligna melanoma occurs more commonly than superficial spreading melanoma or nodular melanoma, and the lower lid is most often involved. 20, 21 Exposure to UV light, including sun beds is an important risk factor for developing cutaneous melanoma. [13] [14] [15] 22 They can arise de novo or from pre-existent lesions and are sometimes amelanotic. Breslow thickness and depth of tumour invasion (Clark's level) are important predictors of local, regional, and distant metastases, as well as overall survival. Tumours with Breslow thickness 1.5 mm or greater and/or Clarks level IV or greater are associated with increased mortality. 23, 24 Non-surgical treatment of malignant periocular tumours Although surgery remains the best treatment modality for managing malignant periocular tumours, less aggressive alternative treatments may be indicated if patients are unfit for surgery, refuse surgery, or have multiple lesions. 1 The main non-surgical treatment modalities are summarized in Table 6 .
Radiotherapy
Radiotherapy achieves comparable cure rates to surgery for small malignant periocular tumours. 1, [25] [26] [27] [28] [29] [30] The treatment is usually fractionated and the radiation dosage depends on the size and depth of the lesion. Radiotherapy is a good alternative to surgery in patients who are not fit for surgery. It has the obvious advantages of being painless, not requiring hospitalization and it is also useful for palliation, or as an adjunct to surgery in cases of incomplete tumour excision and/or perineural invasion. However, there are several disadvantages to radiotherapy. First, unlike surgery there is no histological evidence of tumour clearance. The recurrence rates after radiotherapy are higher than for surgery, especially for large tumours and sclerosing subtypes, 25, 26, 28, 29, 31, 32 and when recurrence occurs it is usually difficult to diagnose, is fairly extensive and more difficult to manage. 12 Further disadvantages include the risk of developing a second malignancy (Figure 4) , radiation dermatitis, skin necrosis, skin depigmentation, madarosis, dry eye, cataract, conjunctival keratinization, and canalicular occlusion.
Cryotherapy
Cryotherapy is a simple and effective means of treating malignant periocular tumours, achieving cure rates in excess of 90% with 5-year recurrence rates of 0-5% for small BCCs in several larger series. [33] [34] [35] It is useful for treating patients who are unfit for surgery or have multiple lesions requiring treatment, for example, basal cell naevus syndrome. The tumour is frozen to À 30 1C to induce cryodestruction, with either a cryoprobe or liquid nitrogen spray, using a double freeze-thaw technique and protecting the globe. The lacrimal apparatus is relatively resistant to cryotherapy, which can be used to treat lesions in close proximity to the punctum or canaliculus. 12 Cryotherapy produces a profound tissue reaction resulting in swelling, erythema, blistering, and exudation of the periocular skin, which usually resolves within a fortnight; but permanent changes can occur, such as skin atrophy, notching of the lid margin, scarring, and lash loss. 1 Eye
5-Fluorouracil
5-Fluorouracil (5-FU) is an antimetabolite, which is widely used in dermatology for treating a variety of skin conditions, including actinic keratosis, and is approved for topical treatment of BCC. 1 It functions by inhibiting DNA synthesis, causing tumour necrosis and preventing cell proliferation. The evidence supporting its use as monotherapy for BCC is weak and a recent systematic review concluded that more randomized controlled trials are required to assess the benefit of 5-FU for the treatment of BCC. 36 As a result of high rates of adverse effects, dependence on patient compliance and relatively lower clearance rates compared with other treatment modalities, another systematic review recommended that its use should be limited to treating small tumours in low-risk locations, in patients who cannot undergo treatment with better-established therapies. 37 
Imiquimod
This immunomodulatory agent that induces cytokines and stimulates the immune response, has both antiviral and antitumour properties. 38 It is approved for treating anogenital warts, superficial BCCs, and actinic keratosis, and is not approved for use in the periocular region, but in recent years there has been much interest in its use to treat a variety of other skin cancers, including lentigo maligna, other histological BCC subtypes, and SCC. [39] [40] [41] [42] [43] [44] Data from large randomized clinical trials demonstrated imiquimod 5% cream to be statistically superior to placebo in treating superficial BCC 45 but the clearance rates are inferior to surgery. 39 Furthermore, no placebocontrolled, double-blind trials have evaluated the longterm sustained clearance of BCC after imiquimod therapy with histologic examination to document tumour eradication. 45 Adverse effects often occur, including erythema, blistering, excoriation, burning, tenderness, and hypopigmentation. 45, 46 Photodynamic therapy (PDT)
PDT relies on oxygen singlet free radicals, derived from a photochemical reaction between a photoactive molecule (photosensitizer) and light, to produce target cell injury and death. 1, 39 BCC treatment is the most common oncologic application of PDT. 39 The topical photosensitizers 5-ALA and the methylester of ALA are the agents most often used for the treatment of actinic keratosis and non-melanoma skin cancer. A variety of laser and non-laser light sources are used in PDT, and blue (430 nm) and red (630 nm) light sources are most commonly employed. The main limitation of current light sources is depth of penetration into the skin. 47 There are very few studies comparing the efficacy of PDT with standard treatment modalities, such as surgery. Although modest short-term cure rates have been reported, [48] [49] [50] long-term recurrence rates are higher 51, 52 and the efficacy of PDT in the long term is yet to be established. 36, 39 Hedgehog signalling inhibitors
The hedgehog (Hh) signalling pathway is a key regulator of cell growth and differentiation during development, and a link exists between the Hh pathway signalling activation and several human cancers, including BCC. 53, 54 The PTCH1 gene on 9q22 has a tumoursuppressor role and loss-of-function mutations of human PTCH1 on human chromosome 9q22 are associated with basal cell naevus syndrome (Gorlin syndrome). 55, 56 Vismodegib is an inhibitor of smoothened, a key component of the Hh pathway. 54, 57, 58 It has shown promising antitumour activity and is the first licensed Hh signalling inhibitor in clinical use for treating locally advanced and metastatic BCC.
Surgery
Surgery remains the main treatment modality for management of periocular cancer. Unlike other treatment modalities, it allows histological confirmation of the diagnosis. Furthermore, examination of the excision margin assesses the adequacy of tumour clearance.
Tumour clearance
In order to minimize the risk of incomplete excision, conventional surgery for periocular skin cancer usually involves a wide margin, which is fairly arbitrary, and varies with tumour type. 59, 60 Most surgeons allow 3-4 mm for BCC, 4-6 mm for SCC, and 5-6 mm for SGC, lentigo maligna and in situ melanoma. For thin melanomas, 5-6 mm may be adequate but it is prudent to allow 10 mm for tumours with Breslow thickness 2 mm or greater. 24 For thick melanomas and/or depth of invasion beyond Clark's level IV, sentinel node biopsy and lymph node dissection may help to reduce regional lymph node recurrence. Confirmation of tumour clearance is essential before undertaking periocular reconstruction. Routine paraffinfixed specimens take several days to be processed, but the specimens can be processed within 24-48 h by prior arrangement with the local pathologist, allowing delayed reconstruction. Margin control can also be achieved by the use of frozen section, but there are inherent inaccuracies in frozen-section techniques, and it is not unusual for frozen sections to be clear with involved margins on paraffin-fixed specimens.
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Eye Unlike the vertical sections used to assess paraffinfixed and frozen-section specimens, Mohs micrographic surgery (MMS) involves removal of the tumour and serial flattened sections from the edge and the base of the defect. Each resected layer is mapped with coloured inks, processed using thin frozen sections, and examined microscopically. The position of any residual tumour is identified and the process is repeated. Frederick Mohs first developed the technique of in situ chemo-fixation, using zinc chloride in experimental animals in the 1930s and published his first study of chemosurgery in humans in 1941. 61 Owing to limitations of chemosurgery in the periorbital region, the technique was superseded by the frozen-section modification widely employed today.
As it allows three-dimensional assessment of the tumour margins MMS has excellent cure rates for nonmelanoma skin cancers and is widely regarded as the gold standard for tumour excision. [62] [63] [64] Mohs himself reported 5-year cure rates of 99.4% for 1124 primary BCC and 92.4% for 290 recurrent BCC. 65 Our own experience in Cambridge confirms a low recurrence rate after MMS for primary BCCs (1.3-1.6%) but the recurrence rates for recurrent or incompletely excised BCCs (13-20%) are even higher than other published series, highlighting the fact that the first attempt at tumour extirpation gives the best chance of long-term cure. 66 The 'slow Mohs' modification of formalin-fixed paraffin-embedded sections also gives excellent cure rates for BCC 67 and mapped serial excision is a very useful method of achieving margin control for periocular melanoma. 68 MMS is highly recommended for medial canthal BCCs, which tend to invade deeply, for high-risk tumour subtypes, where tumour margins are indistinct, and for recurrent tumours. Precise tissue mapping also allows conservation of normal healthy tissue, which is a great advantage in the periocular area, where critical structures exist and where reconstructive surgery can be challenging. Critics of MMS claim that it is time consuming, involves at least two specialists and is expensive. However, when the advantages of MMS are taken into account it is probably cost-effective compared with traditional surgery. 69, 70 The main disadvantage of MMS is that it is not widely available. Traditional MMS also suffers from the inherent inaccuracies of frozensection techniques.
Orbital invasion by periocular malignancies
Orbital invasion by periocular tumours occurs rarely. Although it is often silent, orbital invasion should be suspected if a patient with a current or previously treated periocular malignancy presents with a palpable orbital mass, globe displacement, limitation of eye movement, numbness, or pain in the distribution of the trigeminal nerve. 71, 72 BCCs are most commonly implicated; often incompletely excised or recurrent tumours, with aggressive histopathology and medial canthal location. 71, 73 Local tumour clearance is usually possible by orbital exenteration with or without adjunctive radiotherapy. However, perineural invasion occurs commonly in such cases, and increases the risk of incomplete excision even after exenteration. 71 Furthermore, perineural invasion worsens the prognosis because of extensive orbital, and sometimes intracranial, involvement.
Eyelid reconstruction
The defects that result from periocular tumour excision can be surprisingly large, especially after margin controlled excision, and present special challenges for the reconstructive surgeon. The aims of eyelid reconstruction are to restore the integrity of the eyelid, protect the ocular surface, and produce a good cosmetic result. A detailed account of eyelid reconstruction is beyond the scope of this article and only general principles will be discussed briefly.
The eyelid basically comprises an anterior lamella (skin and orbicularis) and a posterior lamella (tarsus and conjunctiva). Support for the eyelids is provided by the medial and lateral canthal tendons. Small eyelid defects may be closed directly or left to heal by secondary intention. Reconstruction of larger eyelid defects usually requires reconstruction of the constituent lamellae either with a skin flap or skin graft ( Figure 5) . At least one lamella should have a blood supply and the reconstructed eyelid should have adequate support, otherwise eyelid malposition or canthal dystopia will result. By paying attention to the basic principles good results can be achieved.
There is a wide variety of local skin flaps used for anterior lamellar reconstruction. 12, 74 Generally speaking skin flaps are preferable to skin grafts because they possess a blood supply, contract less, provide a better colour and texture match, do not involve violation of a distant donor site and their thickness can be varied depending on the depth of the defect. Full thickness skin grafts are used more commonly than split thickness skin grafts, which tend to contract and give a poor colour match. The commonest sites for harvesting full thickness skin grafts are upper lid, pre-auricular area, postauricular area, supraclavicular fossa, and iliac fossa. Posterior lamellar reconstruction should ideally provide a smooth mucosal surface to line the eyelid. Like the anterior lamella, there are many options for posterior lamellar reconstruction, including free grafts and vascularized flaps (Table 7) . Medial and/or lateral periosteal flaps may be required to provide support for the reconstructed eyelid.
Summary
What was known before K Malignant eyelid tumours may cause significant morbidity and, in some cases, result in death. Therefore, early diagnosis is essential.
K
Although other modalities of treatment are gaining popularity, surgery remains the main treatment option.
What this study adds
K MMS is the gold standard and is essential for high-risk tumours at high-risk locations and for recurrent malignant tumours. Figure 5 Pre-operative, per-operative, and post-operative appearance of a large ulcerating BCC on the upper lid. The resultant defect was repaired with a supraclavicular skin graft. 
